For many years a few physicians have conceived of a condition the direct opposite of parathyroid tetany. Lundborg (53) and later Chvostek (21) believed this was manifest in myasthenia gravis but clinical observations did not confirm their belief. It was not until the use of Colip's (23) active parathyroid extract in animals had indicated the symptoms of such a state that hyperparathyroidism was recognizable as a clinical syndrome. It is now known that it constitutes a picture of disease as clearly defined as hyperthyroidism and follows closely the abnormalities which may be produced by parathyroid extract in animals. The literature and clinical features have been discussed in another paper (2).
For many years a few physicians have conceived of a condition the direct opposite of parathyroid tetany. Lundborg (53) and later Chvostek (21) believed this was manifest in myasthenia gravis but clinical observations did not confirm their belief. It was not until the use of Colip's (23) active parathyroid extract in animals had indicated the symptoms of such a state that hyperparathyroidism was recognizable as a clinical syndrome. It is now known that it constitutes a picture of disease as clearly defined as hyperthyroidism and follows closely the abnormalities which may be produced by parathyroid extract in animals. The literature and clinical features have been discussed in another paper (2) .
Many facts concerning functional abnormalities in hyperparathyroidism have already been determined. Colip (23) has shown that the various well-known manifestations following removal of the parathyroid gland are reversed after the parenteral administration of parathyroid extract. No longer is the theory tenable that the fall in serum calcium after parathyroidectomy is but a secondary phenomenon. Active extracts will prevent it and by raising the serum calcium entirely relieve the symptoms. Extracts readily cause an increase in the serum calcium in normal animals. It seems obvious now that the parathyroid glands are concerned with the regulation of the calcium concentration in the blood. They appear as an essential component in one of those remarkable regulatory mechanisms characteristic of the higher animals. The constancy of the serunrcalcium even under many of the most abnormal conditions is worthy of special emphasis. Although an increase in serum phosphate is typical of parathyroid tetany a reduction has not commonly been found in experiments in which parathyroid intoxication was rapidly produced. Robinson, Huffman and Burt (62) , however, report a reduction in the serum phosphate of calves receiving parathyroid extract. Greenwald and Gross 143 (39) and later other investigators have definitely shown that effective parenteral administration of parathyroid extract causes an increased excretion and especially an increased urinary excretion of both calcium and phosphorus, phenomena quite the reverse of those following parathyroidectomy. A change in the tone and irritability of muscles which might be considered the opposite of tetany is suggested in the hypotonia often noted in animals with hypercalcemia. Berman (9) using galvanic currents has demonstrated a definite decrease in the electrical response in the peroneal nerve of normal dogs after a moderate increase of serum calcium produced by parathormone. These results were emphasized by the contrast with his parathyroidectomized dogs.
Another noteworthy result of administering excessive amounts of parathyroid extracts, is the deposition of calcium in various tissues. This has been described by Hueper (48) and occurs characteristically in the lungs, gastric mucosa and kidneys. As one might predict from the negative calcium balance, long continued administration of parathyroid extract results in decalcification of the bones, a phenomenon which has been studied from the histological point of view by Bauer, Aub and Albright (3) .
In the clinical literature one finds many cases of extensive bone diseases complicated by parathyroid tumors or hyperplasia. These cases are now recognizable as probable examples of hyperparathyroidism. The predominating type of bone disease was that characterized by multiple cyst and giant cell tumor formation and usually classified as ostitis fibrosa cystica. Less frequently other types of bone diseases, such as osteomalacia, metastatic carcinoma or multiple myeloma, revealed this association. Many of these cases with enlarged parathyroids displayed certain interesting features probably attributable to excessive parathyroid activity. General decalcification, fragility and bowing of the bones were usually evident. A prominent symptom in some cases was extreme muscle weakness. Many had kidney stones with pyelonephritis and cystitis. In some instances there was calcium deposition in various tissues, characteristically in the lungs, gastric mucosa and kidneys. The cases presented a variety of other symptoms possibly related to hypercalcemia, such as marked constipation, attacks of severe abdominal pain and vomiting as well as symptoms suggesting cardiac insufficiency.
Studies of calcium and phosphate metabolism in the cases of the older literature were infrequent and the doubt which often surrounds the diagnosis makes them generally inapplicable to the study of functional pathology in hyperparathyroidism. Since 1926 , however, considerable data has accumulated. Mandl (56) who was the first clinician to search for abnormal parathyroid tissue with therapeutic possibilities in mind studied the urinary excretion of calcium before and after removal of a parathyroid tumor. Before the operation excessive amounts of calcium appeared in the urine and the excretion fell below normal after the operation. Gold (37) has reported a case with ostitis fibrosa, a parathyroid tumor and moderate hypercalcemia. Extirpation of the parathyroid tumor was attended with marked improvement and resulted in a definite fall of the serum calcium and of the calcium excreted in the urine. Hannon, Shorr, 1\fcClellan and DuBois (44) (44) have studied a patient with a generalized bone disease characterized by decalcification and tumor formation. This patient showed a hypercalcemia, hypophosphatemia, a negative calcium balance and excessive excretion of calcium in the urine. After removing two apparently normal parathyroids the patient improved, although there was little change in the calcium and phosphorus metabolism. Belden (5) has described a case of a woman with a mottled decalcification of the boneswithout tumorformation and presenting other symptoms characteristic of this group. The serum calcium was 15.2 to 18.8 mgm. per 100 cc., the serum phosphate normal. Operation was attempted but no parathyroid tissue obtained. Duken (30) has described two cases of generalized bone disease with high serum calcium and in one a tumor in the region of one parathyroid gland.
While the studies reported here were in progress, Wilder (79) reported detailed observation of a patient with marked muscle weakness, rarefaction and giant cell tumors of bones and a palpable parathyroid tumor. There was a moderate increase in serum calcium, a definite decrease in serum phosphate and excessive excretion of calcium in the urine. Following the resection of the parathyroid tumor, the serum calcium fell almost to the tetany level and calcium all but disappeared from the urine. The patient improved markedly. Beck (4) removed two parathyroid tumors from a patient with ostitis fibrosa. The patient developed extreme tetany and died on the twentieth day after operation. Recently a case was reported by Boyd, Milgram and Stearns (13) as hyperparathyroidism whose symptoms and associations may be considered classical. The serum calcium was high, the phosphate within normal limits. After removing the parathyroid tumor there was a marked fall in the serum and urinary calcium and the calcium balance became strongly positive. Snapper (73) records a case showing similar changes in the serum and urinary calcium after operation. Hunter (49) has described another typical case which had an excessive excretion of calcium both in the urine and the stools.
The following study of the functional pathology of the disease was started in April 1928, and has been continued to the present time. It will indicate the abnormalities encountered and will emphasize factors to be considered in diagnosis and treatment.
MIETHODS OF STUDY
The patients with hyperparathyroidism were studied in the Metabolism Division of Barnes Hospital. Their diets were prepared in the special kitchen of the division. The food and fluid intake was under the supervision of a trained dietitian, assisted by nurses especially assigned to the individual cases. At least two persons checked the foods as well as the dietary calculations. Refused food was weighed and the proper adjustment made at once. Calcium and phosphorus intake was calculated, with few exceptions, from the analysis of foods collected from the literature by Sherman (69) . It was obviously necessary to make analysis of some foods. The same type of bread was always used and analysed repeatedly. Water from the city supply was given and the calcium from this source calculated from the analyses furnished by the St. Louis Water Works. This amounted to only a few milligrams a day and could have been neglected without serious error.
The stool and urine collections were under the supervision of the head nurse of the division, who is well trained in the management of metabolic studies. The stools were collected in four-day periods, being marked off by carmine taken with the breakfast with the beginning of each period. Because of the possible difficulties from constipation, all patients received liquid petrolatum and granulated agar-agar with each meal. The urine was collected in 12 hour periods and combined into the four-day periods.
The calcium in the urine was determined by the method of Shohl and Pedley (70) , that of the feces by the method of Corley and Dennis (24) . The total phosphorus of the urine was determined by the method of Fiske and Subbarow (33) after complete oxidation with sulphuric and nitric acids. Care was taken to expel finally all the nitric acid and at the same time not to continue the heating to dryness. This same method was employed for the total phosphorus of feces by using an aliquot from the filtered digested stool mixture of the Corley The tumor of the left maxilla caused marked asymmetry of the face. The teeth were quite loose. Urine examination showed evidence of inflammation of the urinary tract. X-ray revealed marked decalcification of all the bones and irregular areas of rarefaction suggesting tumor formation. Flat plates of the kidneys showed a large collection of stones in both pelves. Examination of the blood showed a slight anemia, negative Wassermann reaction, normal nonprotein nitrogen, calcium 16 mgm., and phosphorus 1.4 mgm. per 100 cc. Later a tumor the size of a small walnut was discovered rising from behind the inner end of the left clavicle as the patient swallowed. Histological examination after removal showed this to be parathyroid tissue. The course following operation is described in detail in a later section.
Case 2 was a farmer, 38 years old, with multiple epulis. Several years before admission he had had, because of gastric ulcer, two operations, the second of which was followed by complete relief. There was no history of any dietary abnormality, he had always liked milk and frequently drank as many as five glasses at a meal. There was no evidences of muscle hypotonia and there had been no urinary disturbances. About 8 months before admission to the hospital he noticed what he called a "gumboil" of the upper jaw. It was at no time painful, but gradually became larger. Three teeth at the site of the lesion became loose and were extracted by the patient. On examination he was well nourished. The muscles were well developed and of good tone. In place of the left upper canine and the first and second bicuspid teeth a tumor was present which extended into the hard palate posteriorly and beyond the alveolar margin anteriorly. X-ray disclosed a smaller tumor of the opposite maxilla and three separate and distinct tumors of the lower jaw. The urine was normal. There was no anemia. The blood Wassermann was negative and the blood nonprotein nitrogen was normal. The phenolsulphonephthalein excretion was 55 per cent in two hours.
At two operations all of the tumors were removed by curette and cautery and treated with radium and deep x-ray therapy. Microscopic examination of the tissue showed characteristic giant cell tumors. About six weeks after the operation on the jaw, the serum calcium and phosphorus were studied for the first time. Calcium values ranged from 13.3 to 16.7 mgm. and phosphorus from 1.6 to 2.9 mgm. per 100 cc. A more careful examination of the neck now revealed a small mass just above the inner end of the left clavicle. This was elevated and more easily felt when the patient swallowed. There was still no evidence of hypotonicity of the muscles. X-ray of the skull and long bones showed no other bone tumors and no decalcification. X-ray of the urinary tract revealed no stones. The course following the removal of the parathyroid tumor is described in alater section.
Case 3, was a housewife, 46 While in the literature on bone diseases much prominence has been given to changes in calcium metabolism, we must bear in mind the fact that one could as consistently put the same emphasis on the behavior of phosphorus for these two elements are inseparably involved in bone structure. A r6le of considerable importance has been assigned to phosphorus in the extensive investigation of rickets where defects in phosphorus metabolism have even been thought to be primary. There seems to be no good reason for denying that many of our apparent abnormalities of calcium utilization may be primarily disturbances of phosphorus metabolism. We have at present no certain knowledge whether the parathyroid glands or vitamin "D" or ultra violet radiation are concerned primarily with the physical chemical reactions of calcium or of phosphorus. From their experiences with human subjects, Albright, Bauer, Ropes and Aub (1) felt that the primary effects of parathormone was on phosphorus rather than on calcium. Greenwald and Gross (39) have stressed the marked change in phosphorous excretion following parathyroidectomy and parathormone injections.
A study of our three patients, however, has not presented us with any typical abnormality of phosphorus metabolism in hyperparathyroidism. It so happened that three cases presented distinct differences. Case 1 for 24 days (Periods 1 to 6, table 9) on a low and average calcium intake showed a definitely negative phosphorus balance excreting each day 300 to 400 mgm. more than she ingested. the three patients together with the phosphorus excreted in the stool and in the urine on a low and on a high calcium intake. The phosphorus metabolism of Case 1 is notable for the minute amount in the stool and the great quantity in the urine. Even when the calcium ingested was excessively high there was no increase in phosphorus in the stool. In fact, these periods exhibited the lowest stool excretion we have encountered. The great urinary excretion was no doubt related to some extent to the acidity of the urine, but it is questionable whether this was the sole basis for the unusual distribution of phosphorus between stool and urine. Evidence against this as an adequate explanation is the fact that in later periods (Periods 15 to 19) under different circumstances the urinary excretion was less when the urine was even more acid. A phenomenon worthy of special emphasis was the association of only minute quantities of phosphorus with the excessive fecal calcium. It is commonly assumed that calcium phosphate is precipitated in the gastrointestinal tract and that an excess of one element will increase the elimination of the other. This reaction may at times be very important. Briggs (15) has recently demonstrated to what extent calcium may increase fecal phosphorus excretion and has suggested the application of this action to the treatment of nephritis with phosphorus retention. However, the very significant studies of Bergeim (7) showed a surprising independence between these two elements in their absorption from the intestines. The findings just noted in Case 1, serve to emphasize the importance of Bergeim's work. It seems of interest to refer here to a case of true osteomalacia which we have recently studied. The phosphorus metabolism stood in marked contrast to that of Case 1. A large fecal calcium excretion was associated with an increased amount of phosphorus in the stools and a remarkably small quantity of phosphorus in the urine.
The distribution of the phosphorus excretion in Case 2 may be considered normal. The deviation from the normal in Case 3 was the reverse of the first case. Presumably because of the kidney insufficiency the urinary excretion of phosphorus was diminished. A more detailed study of the urinary excretion in table 11 indicates a progressive lowering of the ability of the kidney to excrete phosphorus. The stools show a moderate increase in phosphorus associated with excessive calcium output. The increase of both calcium and phosphorus in the stools presents a picture simulating osteomalacia. This, together with the fact that the patient lacked exercise and vitamin "D," barely suggests we were dealing with such a complication. It might be noted that in the literature where phosphorus metabolism has been determined in that heterogenous group of cases termed "osteomalacia" no constant changes were recorded; the calcium and phosphorus metabolism did not run parallel and in the majority of cases the phosphorus balance was positive.
In table 9 per 100 cc. The condition presented by this patient appears to be the same as that frequently seen with animals when the serum calcium has risen to a high level after parathyroid extract administration. Edwards and Page (32) particularly noted the depression of shock-like character with dulling of sensory reactions which occurred in some of their dogs.
THE EFFECT OF IRRADIATED ERGOSTEROL
Numerous investigators have shown that antirachitic vitamin promptly increases the intestinal absorption of both calcium and administering irradiated ergosterol to rachitic infants disodiumphosphate by mouth caused a great increase in serum phosphorus within two hours whereas previously it had had practically no effect.
THE EFFECT OF REMOVING PARATHYROID TUMORS
The most impressive experiences encountered in these studies were the amazing events after the first patient reverted from hyperparathyroidism to extreme tetany following the removal of a parathyroid tumor. They emphasize the relationship of the phenomena to parathyroid activities. On August 2, 1929, (the third day of Period 26) a tumor about 2.5 cm. in diameter was excised from the region of the lower pole of the left thyroid. Microscopically this proved to be parathyroid tissue. The chemical changes which followed are summarized in table 6. On the third day after operation the patient noted a change in her general condition, although the complaints were rather indefinite. There was a feeling of weakness and a sensation of tingling about the face and in the hands. There were obscure cramp-like pains in the extremities. Chvostek's sign could be demonstrated repeatedly.
By the fourth day the serum phosphate was 2.2 mgm. and the serum calcium had fallen to 11.3 mgm. per 100 cc. By the seventh day the above symptoms had become exaggerated and she had become very much distressed and apprehensive. She had been nauseated and this day vomited. There was at times definite hyperventilation causing slight dyspnea. The numbness and tingling of the face and hands was marked. Twitching about the face was evident. The pain in her From this experience it was natural to conclude that the excessive quantity of calcium given by mouth was not absorbed, but examination of the data in table 6 shows that after parathormone was started large amounts of calcium were retained without its having any influence on the level of the serum calcium. During the eight days included in Periods 30 and 31, 13 grams of calcium were retained, while the tetany advanced in severity and a low serum calcium persisted. The regulation of serum calcium appears to be almost entirely independent of calcium absorption and to depend chiefly upon internal factors existing in the blood and other body fluids. The striking contrast between the effects of a little calcium chloride intravenously and a large quantity of calcium absorbed from the gastrointestinal tract is impressive but the reasons for this are quite obscure.
With the transformation which followed the resection of a parathyroid tumor there was a change in the urinary calcium excretion. For over a week it remained normal and then almost ceased. The change was so sudden as to suggest a kidney-threshold phenomenon. The calcium disappeared from the urine when the serum calcium had fallen to 7.5 mgm. per cent. Further studies, however, did not establish an absolute threshold, for later appreciable amounts of calcium were excreted by the kidneys in periods during which the serum cal-cium was quite low. The remarkable fall in urinary calcium after operation was also observed by Mandl (56) , Gold (37) Greenwald and Gross (39) noted in their experiments with dogs that the most striking change in metabolism after parathyroidectomy was a marked retention of phosphorus. This was not necessarily accompanied by any increase in serum phosphorus. They also found a decrease in the urinary phosphorus excretion. Changes in the phosphorus metabolism similar to Greenwald's were noted in Case 1 as she reverted to hypoparathyroidism following the removal of the parathyroid tumor. There was an immediate drop in the phosphorus excretion with the production of a positive balance. In comparison with the early periods of study (1 to 5) there was a slight increase in fecal excretion. The change to a positive balance was due to a decrease of phosphorus in the urine. This was at first associated with a remarkable increase in the serum phosphorus which reached the surprising figure of 11.3 mgm. per 100 cc. on the 9th day. It is noteworthy that there was an immediate fall in the serum phosphorus without modification of the urinary phosphorus when calcium was administered. The administration of parathormone at this time was not attended by any alteration in the phosphorus metabolism.
The study of the phosphorus and calcium metabolism of Case 1 was continued for over ten months following her operation. The interval was characterized by marked retention of both calcium and phosphorus. From the data we can summarize the calcium and phosphorus balance of the entire period as follows: For a year and a half following operation, Case 1 required an excessive calcium intake and parathormone to prevent tetany. The bones became rigid. The tumor of the maxilla receded. The teeth became tight. She gained considerable strength but the chronic urinary tract infection associated with bilateral nephrolithiasis continued in spite of treatment. A moderate retention of nitrogen gradually developed. Removal of the kidney stones seemed unjustifiable because of her poor general condition. She finally died fourteen months after the parathyroid tumor was removed, from uremia and the progressing urinary tract infection.
On June 18, 1929 , at the beginning of Period 12 parathyroidectomy was performed on Case 2. A tumor about 3 cm. in diameter was removed under local anesthesia from the region of the left lower pole of the thyroid and behind the inner end of the clavicle. Microscopic examination proved this to be parathyroid though the section showed very little normal parathyroid tissue. The bulk of the tissue was made up of deeply stained cells with large nuclei with apparent attempts to form acinar arrangement. The day following operation the patient was able to be up and resume his usual activities. Twentyfour hours after operation the serum calcium had fallen to 10.6 mgm. per 100 cc. In 48 hours it had fallen to 9.7 mgm. with no change in the serum phosphorus. At this time, in response to questioning, he stated he had a little tingling about his face and fingers. Trousseau's or Chvostek's signs were not present. On the fifth day at a time when the serum calcium was 8.6 mgm. and phosphorus 3.7 the patient developed a slight diarrhea having four watery bowel movements during the morning accompanied by some adbominal cramps. There was nothing unusual in the diet that might account for this. The lowest serum calcium, 8.3 mgm. per 100 cc. was encountered on the 7th day; the serum phosphorus had increased to normal. There was no change whatever in his general body sensation. There was no evidence of any definite change in muscle tone. Chvostek's and Trousseau's signs had never been elicited. He had had some slight cramps in the calves of his legs at night but insisted this had been a common experience for years. The changes in the phosphorus and calcium metabolism which were encountered in Case 2, after removing the parathyroid tumor are summarized in table 7. The most striking change was the marked drop in the urinary calcium excretion. There was an immediate decrease in the calcium output due entirely to a fall in the urinary excretion. There was no evidence of any decided alteration in the calcium excretion in the stools. In 7 periods of low calcium intake before operation the average fecal excretion was 0.70 gram daily, while in four similar periods after operatiqn the fecal excretion averaged 0.64 gram daily. In the preoperative period, 5, and the postoperative period 16 , the high calcium intake was similar. In the first instance the average fecal excretion was 2.82 grams; in the second 2.84 grams daily. After operation there was a slight decrease in phosphorus output due to a slight decline in the urinary excretion.
NITROGEN, CREATINE AND CREATININE METABOLISM
A great part of the earlier literature on the function of the parathyroid glands concerns their relation to various aspects of nitrogen metabolism. Investigators have reported, in parathyroid tetany, an increased excretion of total nitrogen, ammonia, purine bodies, creatine, creatinine and guanidine bases. There seems to be no doubt of the increased nitrogen excretion in parathyroid tetany but Greenwald (38) showed this did not appear until after convulsions had started. Salvesen (64) found normal nitrogen excretion in latent tetany. After parathyoid extract in dogs, Greenwald and Gross (40) discovered an increased nitrogen excretion. Wilder's patient with hyperparathyroidism (79) stored considerable nitrogen during a ten-day period while on a high vitamin diet. The total nitrogen of Case 1 was studied before and after extirpation of a parathyroid tumor. For one hundred days before operation, while in the hyperparathyroid state, she appeared to be on nitrogen equilibrium. During this period the total nitrogen intake was 722 grams, the output 668 grams. For 100 days following the operation the nitrogen intake was 675 grams, the output 411 grams. At the end of this period, however, she was approximately in equilibrium again. These studies, therefore, do not indicate that there is any marked abnormality of nitrogen metabolism in hyperparathyroidism.
1HYPERPARATEYROIDISM
The relation of the guanidine bases to the parathyroid glands has aroused considerable interest, which' has been stimulated by the fact that guanidine esters may produce a condition-simulating parathyroid tetany. The large amount of creatine in muscle, the muscle phenomena associated with tetany and the chemical similarity of creatinine and the guanidine esters naturally suggests a possible relation between creatine metabolism and the parathyroids or calcium. Greenwald (38) and Burns (18) found a decrease in creatinine excretion after parathyroidectomy and Greenwald (38) an increase in creatine excretion. Hammett (43) reports that addition of parathyroid tissue to muscle extract retards the formation of creatinine which normally occurs. Woodman (82) found that feeding parathyroid to rats caused an alteration in the ratio of creatine and creatinine excretion resulting in the elimination of more creatine and Jess creatinine. Berglund, Medes and Lohmann (8) found no change in the creatinine in myasthenia gravis after increasing the serum calcium by parathormone.
Case 2 with typical hyperparathyroidism, yet free from complications and in good physical conditions except for a moderate anemia, offered ideal conditions for the study of creatine metabolism in this disease. The urinary excretion of creatine and creatinine nitrogen was determined during the eight days preceding and the eight days following operation. In the hyperparathyroid state an average of 25 mgm. of creatine nitrogen and 410 mgm. of creatinine nitrogen was excreted daily. Following the extirpation of a parathyroid tumor there was an inmmediate slight increase in creatine and a definite decrease in creatinine elimination. For The parathyroids appear to increase the amount of calcium which may exist in serum yet in such a manner that it still maintains its reciprocal relationship to phosphorus as though following the laws of simple inorganic solutions. The marked physiological effects, which result from changes in serum calcium hint that the hormone may actually influence the ionic concentration instead of undissociated compounds as suggested by Greenwald and Gross (40) .
The fact that the parathyroid glands may cause such marked changes in the calcium and phosphorus of the blood serum urged a careful investigation of the state of the other inorganic constituents in patients with hyperparathyroidism. Collip (23) found that in dogs which had received parathyroid extract, carbon dioxide of serum gradually increased with a consistent slight increase in pH. The whole blood chloride was diminished but as the erythrocytes contain considerably less chloride than plasma this may have been due to the great concentration of blood. In a parathyroidectomized dog there was no change in the chloride of the blood after parathormone. Cantarow (19) et al. studied the effect on the blood of patients with pulmonary tuberculosis after relatively small doses of parathyroid extract. They found no constant change in plasma CO2 or chloride. Brehme and Gyorgy (14) found no change in the CO2 in normal or tetanic children after parathormone although the alteration of phosphorus. and calcium was quite typical. In 23 patients with various diseases Csepai and St. Weiss (25) found no constant change in serum pH as the result of parathormone. Wilson and Riegel (81) studied the effect of parathormone on certain blood electrolytes in dogs. In the serum they observed a fall in the chloride and sodium and a delayed rise in potassium, while in the corpuscles, a decrease in the sodium and an increase in the potassium. There was little change in the water of the corpuscles or serum.
The total electrolyte equilibrium of the serum of three patients with hyperparathyroidism was studied in detail. The methods were exactly the same as those described in a previous publication (17) . The results are recorded in table 8. The total determined acids in Column 6 show the sum of the bicarbonate, chloride, phosphate and protein, expressed in millimols of base combining capacity. The difference between the detennined acids and the total base has been placed in Column 8, as undetermined acids, and includes the organic acid fraction and the normally small amount of sulfate.
As serum is practically neutral the total acids equal the total base and since there are no significant organic bases total base determinations may be used as a measure of that part of the total osmotic pressure which is due to the electrolytes. Gamble, Ross and Tisdall (35) and Peters, Bulger, Eisenman, and Lee (61) have emphasized the fact that the total base of serum is maintained at a remarkably constant level. They demonstrated how bicarbonate, chloride and protein may fluctuate to a greater extent yet reciprocate in their changes in such a manner as to keep the total acid relatively constant. The determinations of the total base on these patients will serve to emphasize further its remarkable stationary value. In the three patients it was continually quite normal and hardly varied outside the limits of experimental error even after considerable base had been administered in Case 1 The undetermined acid fraction in Case 2 was normal. The slight elevation of this fraction in Case 1 on August 11th, nine days after operation, was probably due to the organic acids resulting from the ketosis which developed on a low carbohydrate intake. No explanation can be offered for the slight increase on June 23rd. The two determinations of the serum electrolytes of Case 3 after a low calcium intake and after a high calcium intake both presented the same definite abnormality. The total electrolyte level as indicated by the total base was the same in both instances and normal. The undetermined acids were markedly increased while the other anions were low. This increase in undetermined acids was undoubtedly related to the associated kidney insufficiency and most likely represents a considerable retention of sulphate.
There appears to be no characteristic change in serum protein concentration associated with hyperparathyroidism. The first estimation of protein in Case 1 was definitely elevated. Thereafter the concentration tended to fall until the last determination almost four months later when it was quite low. The serum protein of the second case was moderately reduced. These downward deviations were possibly a result of chronic malnutrition. In neither case was the transition from hyperparathyroidism to hypoparathyroidism accompanied by any evident change in the concentration of serum protein. The very low protein of Case 3 was associated with extreme undernutrition.
In these studies we find, therefore, no evidence of any definite change in serum electrolytes which can be related to the increased activity of the parathyroid gland, except the alteration in phosphorus and calcium. gested that the calcium in the blood might be higher than normal and might occasion a loss of calcium through the kidneys. The accuracy of his analogy is well borne out by the studies of hyperparathyroidism. The general character of the abnormal metabolism of both diseases is similar. In diabetes a deficient production of an internal secretion results in an elevation of the blood sugar. In hyperparathyroidism an increased production of an internal secretion causes a rise of the serum calcium. In both conditions the alteration gives rise to certain general disturbances in the body and effects a loss of the involved substance through the kidneys.
Many of the clinical manifestations of hyperparathyroidism appear to be directly or indirectly related to hypercalcemia. From our knowledge of the influence of calcium on muscle physiology, symptoms referable to the muscular system could have been predicted. Musde weakness, sometimes extreme, appears as a prominent feature. A decrease in muscde irritability was evidenced by three patients presented here who had absent or diminished response to faradic stimulation. It appears from numerous studies in the literature that an increase in the calcium concentration causes an increase in the tone of smooth muscle and of the heart (63) (16) . The hypercalcemia of parathyroid extract appears to cause similar changes (32) (48) . The cases of hyperparathyroidism reported by Gold (37) and by Boyd, Milgram and Stearns (13) had definite gastrointestinal symptoms which conceivably were due to the influence of high calcium on smooth muscle. Apparent circulatory failure developed in Case 3 as the serum calcium became very high after excessive calcium administration. It would seem that sudden cardiac episodes might be expected in hyperparathyroidism. Such an occurrence is suggested in the case of osteitis fibrosa reported by Dawson and Struthers (28) who succumbed four hours after unexpected and mysterious collapse. Two cases observed here became stuporous and irrational with exceedingly high serum calcium. The metastatic calcification is probably related to the hypercalcemia but we have as yet little knowledge concerning the mechanism of its production and its relationship to clinical features of the disease. As noted above it is most often found in the lungs, gastric mucosa and the kidneys, in tissues where acid is excreted. Cases in the literature with evidence of hyperparathyroidism have shown a high incidence of urinary tract disease. Nephrolithiasis with secondary pyelitis and cystitis has been common. The possible relationship of this phenomenon to the excessive urinary calcium excretion is obvious.
These studies have indicated that the metabolism of calcium and phosphorus in bone disease should be examined more critically. So often only the total calcium and phosphorus balance has been emphasized. Such factors as distribution of calcium and phosphorus between the urine and the feces appear to show at times certain characteristics, an emphasis of which may present important differential diagnostic features and therapeutic indications. In the literature there is great confusion even as to the terminology of bone diseases. One notes the tendency to use the term osteomalacia in connection with almost any generalized disease of the skeleton occurring in adult life. Even though etymologically the term could be used in a general sense, it seems desirable to limit it quite strictly. There seems to be ample evidence that there is a specific type of disease with a distinct pathological physiology for which this name should be reserved. Maxwell (57) points out that it must be differentiated from hyperparathyroidism. The calcium and phosphorus metabolism in the two diseases present striking contrasts. The study of Miles and Feng (59) has shown most completely the abnormalities encountered in osteomalacia. It demonstrates the low serum calcium, the diminished calcium output in the urine and the excessive excretion of both calcium and phosphorus in the stools. Earlier but less complete studies have shown similar changes. A case of non-puerperal osteomalacia investigated in this clinic has shown abnormalities identical with those presented by Miles and Feng. It is apparent that the metabolic changes in hyperparathyroidism are quite unlike those of osteomalacia. Early in this report the chemical studies of Mandl (56) , Gold (37) , Hannon et al (44) , Wilder (79) , Boyd et al. (13) and Hunter (49) were briefly reviewed. They showed abnormalities which paralleled the changes recorded here, the most characteristic features being the hypercalcemia and hypercalcinuria. Similar changes were found by certain (80) and Currie (26) both record cases showing excessive urinary calcium excretion. The question arises whether these manifestations are the result of hyperparathyroidism or simply an incident to a disease causing in itself a rapid destruction of bone. From our knowledge of serum calcium regulation it seems unlikely that anything can cause such a constant high level of serum calcium except an increased activity of the parathyroid gland. It is difficult to cause more than slight changes in the serum calcium by giving large quantities of calcium by mouth. After intravenous administration the serum calcium promptIy returns to normal. With the evidence at hand, it seems more logical to assume that hypercalcemia and hypercalcinuria arising in multiple myeloma indicates that hyperparathyroidism has developed as a complication.
Suggesting this possibility that hyperparathyroidism may arise in generalized bone disease, it is well to point out that a diversity of experiments have shown the parathyroid to possess a remarkable power to develop hyperplasia. Significant appears the case reported by Klemperer (52) with metastatic bone carcinoma and a parathyroid
